The c. 673 Ma (U^Pb rutile) Amon kimberlites located in northern Baffin Island intruded Late Archean basement rocks of the Rae craton as a subhorizontal sill complex. The Amon sills are part of widespread low-volume, volatile-rich ultramafic magmatism that occurred along the northern and eastern margins of Laurentia, demarcating the temporal and spatial breakout from the Rodinia supercontinent during the Late Neoproterozoic. Numerous other known kimberlite occurrences that are related to these rifting events between c. 680 and 540 Ma are located in mainland Nunavut, Ontario, Quebec, Labrador, and West Greenland. The magmas that fed the Amon sills are archetypal Group-I kimberlites, based on groundmass mineralogy (e.g. phlogopite, spinel, ilmenite) and bulk-rock compositions, including moderately depleted Sr^Nd^Hf isotope ratios. However, a wide compositional range, together with observed flowage textures, indicates that some magma differentiation occurred during sill emplacement. The Amon samples that are interpreted as parental kimberlite magma compositions overlap published compositions of experimentally derived, near-solidus partial melts of carbonated peridotite between 5 and 10 GPa; that is, equivalent to an origin from 150 to 300 km depth. Furthermore, the Amon kimberlites are characterized by moderately depleted Nd (e Nd(i) ¼ þ1·5 to þ3·5) and Hf (e Hf(i) ¼ þ1·1 to þ8·7) isotope compositions, without pronounced isotope decoupling as known from other kimberlite occurrences worldwide. Among the studied Late Neoproterozoic volatile-rich ultramafic magmatic rocks in Laurentia, the Amon kimberlites have Nd^Hf isotope systematics that are similar to those of a previously identified, carbonate-rich, depleted end-member component. This common component is suggested to represent a widespread near-solidus partial melt of volatile-fluxed fertile peridotite within the uppermost convecting mantle beneath the rifting supercraton. Our preferred model for Late Neoproterozoic kimberlite and related magmatism along the rifted
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KEY WORDS: kimberlite magma origin; Nd^Hf isotope systematics; plates versus plumes; Rodinia supercontinent break-up; U^Pb rutile geochronology
I N T RO D UC T I O N
The origin of kimberlite magmatism has been explained in many ways (see Mitchell, 1995 , for summary) and among the most popular mechanisms are plume-related processes involving deep cratonic mantle melting in response to the passage of continental plates over thermochemical upwellings, or hotspots (Crough et al., 1980; England & Houseman, 1984; Le Roex, 1986; Heaman & Kjarsgaard, 2000; Collerson et al., 2010) . More recently, the utilization of comprehensive geochronology databases for regional Jelsma et al., 2004; Moore et al., 2008) and global (Kumar et al., 2007; Jelsma et al., 2009) kimberlite and related magmatism has shown an apparent episodicity of deep-seated melting events, and it has been suggested that this magmatism is related to particular stages in the life cycle of supercontinents (Jelsma et al., 2009) (Fig. 1a) . In detail, Jelsma and co-workers demonstrated that during the Phanerozoic narrow kimberlite emplacement windows correspond to periods of fundamental plate reorganization associated with the assembly and break-up of the Gondwana superterrane (see also Torsvik & Cocks, 2013) . The 'Gondwana kimberlite pattern' was recently extended to include new Cretaceous kimberlite discoveries from East Antarctica, which formed during incipient rifting processes associated with the opening of the proto-Indian Ocean at c. 120 Ma (Yaxley et al., 2013) .
Although there now exists a large body of evidence that Phanerozoic kimberlite and related magmatism was to some degree a response to major plate reorganizations, our understanding of the geodynamic conditions under which kimberlite magma formed during the Precambrian is rudimentary at best. The oldest known kimberlitic rocks date back to c. 2 Ga, and potentially there exist examples as old as 3 Ga (e.g. Bizzarro et al., 2002) (Fig. 1a) , but it is uncertain whether large continental lithospheric plates existed by that time (Shirey & Richardson, 2011; Ernst et al., 2013) . Moreover, detrital diamonds of mantle derivation are known from Late Archean sedimentary successions (Stachel et al., 2006; Gurney et al., 2010; Kopylova et al., 2011) , suggesting that kimberlitic magmatism sensu lato occurred as early as the Mesoarchean. However, this inference is difficult to reconcile with the modelled higher ambient mantle temperatures during the Mesoarchean (Herzberg et al., 2010) , because in theory a much hotter than present-day thermal regime hampers low-degree, volatile-rich ultramafic melt production (Arndt, 2003) .
Commonly, there exists a divide between studies that are devoted to the tectonic significance of kimberlite magmatism and those that aim at unravelling the kimberlite magma source evolution and melt formation using petrological and geochemical data. This general lack of integration of results from various research directions during the study of kimberlite magmatism has resulted in genetic models that consider kimberlites as highly unusual and difficult to explain, irrespective of the fact that over 5000 worldwide kimberlite occurrences are known to date. For example, mantle plume models without active zones of rifting do not account for the extremely low melt volumes that are produced by kimberlite magmatism (e.g. Torsvik et al., 2010) . On the other hand, geochemical models that invoke extremely trace element enriched mantle peridotite source regions (e.g. Le Roex et al., 2003) disregard the fact that mineral^melt trace element partitioning in the presence of CO 2 (e.g. Brey et al., 2008; Dasgupta et al., 2009 ) is capable of producing incompatible element enriched ultramafic melts from 'normal' fertile peridotite by volatile fluxing (Tappe et al., 2011 (Tappe et al., , 2013a .
In this study, we report the first results on the geochronology, mineralogy, and geochemistry of the Amon Kimberlite Sill Complex (AKSC) in north^central Baffin Island (Fig. 2) . The AKSC formed at the northern margin of the Laurentia supercraton within the Rodinia supercontinent during the Late Neoproterozoic. We use these data to constrain the kimberlite melt source region(s), as well as to unravel the melting process and magma evolution. The petrogenetic model for the c. 673 Ma Amon kimberlites is integrated into an existing petrological framework for the deep-seated, volatile-rich, ultramafic magmatism that occurred across eastern Laurentia (Tappe et al., 2011, and references therein) . Late Neoproterozoic kimberlite magmatism, which affected the northern and eastern breakout margins of Laurentia for their almost entire 3000 km combined length (Fig. 2) , is utilized to further develop a plate-tectonic model of deep kimberlite magmatism operational since at least the latest Precambrian. This observation from Laurentia, together with the fact that global kimberlite and related magmatic activity increased substantially after Rodinia had reached its maximum stability and extent at c. 900 Ma (Fig. 1b) 
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(a) (b) oldest known oldest kn wn carbonatite carbonatite Fig. 1 . Probability density of emplacement ages for global kimberlite and related rock occurrences (including carbonatites, UMLs, olivine lamproites). Only high-quality U^Pb, Pb^Pb, Ar^Ar, Rb^Sr, and Sm^Nd age determinations with reported 2s uncertainties of 550 Ma were utilized in this compilation. (a) Frequency distribution of global kimberlite and related magmatism. The apparent absence, or lack of preservation, of kimberlite and related magmatism prior to 3 Ga should be noted (oldest entry is the c. 3 Ga Tupertalik carbonatite of West Greenland; Bizzarro et al., 2002) . Also noteworthy is the pronounced kimberlite magmatic activity that was associated with both the that kimberlite magmatism forms an integral part of a supercontinent cycle (see Jelsma et al., 2009) . We argue that kimberlite magmatism is an expression of fundamental changes in upper mantle flow patterns around thick cratonic nuclei that float within sizeable continental plates, and that these changes and resultant stresses may ultimately cause continental-scale rupturing of lithospheric plates and possibly supercontinent break-up.
Our results for the Amon kimberlites regarding their geochronology (Tables 1 and 2 ), mineral chemistry (Tables 3^5), and geochemistry (Tables 6 and 7) , including Sr^Nd^Hf isotope compositions, are given in Supplementary Data Appendix A and Appendix B (supplementary data are available for downloading at http://www.petrology.oxfordjournals.org). Unless otherwise stated, use of the term kimberlite refers to archetypal, Group-I kimberlite.
G E O L O G I C A L B AC KG RO U N D The Rae craton within the Laurentia configuration
The Late Neoproterozoic Amon Kimberlite Sill Complex (Tappe et al., 2012a) is located in north^central Baffin Island and intrudes basement rocks of the northern domain of the Rae craton (Figs 2 and 3). The Rae craton is part of the Canadian^Greenland shield and is considered one of Laurentia's most important building blocks (Hoffman, 1988; Pehrsson et al., 2013) . It consists of Mesoto Neoarchean orthogneisses (3·3^2·6 Ga) and associated komatiite-bearing greenstone belts extending NE from central Northern Canada through Baffin Island into Greenland for almost 2000 km (Fig. 2) . The Rae basement and supracrustal belts were intruded by voluminous tonalitic to granitic plutons between c. 2·68 and 2·58 Ga. A number of structural and metamorphic events are recorded between 2·56 and 1·75 Ga both within and along the margins of the various constituent blocks of the Rae craton Petts et al., 2014) . Extension of the Rae lithosphere is widespread and marked by c. 2·19^2·15 Ga mafic dyke swarms (Ernst & Bleeker, 2010) , and by rift to passive margin sedimentation initiated at c. 2·1 Ga (Rainbird et al., 2010) . Pehrsson et al. (2013) recently proposed that the 2·1 Ga rifting episode recorded on the Rae craton marks the dispersal of a giant landmass (Nunavutia), prior to the 2·0^1·8 Ga assembly of the supercraton Laurentia (Hoffman, 1988) within the NunaĈ olumbia supercontinent configuration (Roberts, 2013) . Laurentia assembly involved diachronous collisions between the pre-amalgamated Rae^Hearne craton (Churchill Province) and the Slave craton to the NW (Taltson^Thelon orogeny; 2·0^1·9 Ga), and between the Churchill Province and the Superior craton to the SE (Trans-Hudson orogeny; 1·9^1·8 Ga). The latter event included closure of the intervening Manikewan ocean during northward subduction beneath the Churchill Province, with Superior lithosphere forming the lower collisional plate (Corrigan et al., 2009; St-Onge et al., 2009) .
The architecture of the Rae cratonic mantle lithosphere has been poorly studied to date, partially because of the paucity of known kimberlite occurrences that contain suitable mantle-derived xenoliths or xenocrysts. The c. 560 Ma Aviat kimberlites on Melville Peninsula, c. 300 km south of the Amon kimberlites in north^central Baffin Island (Fig. 2) , contain harzburgitic garnets with Cr^Ca systematics that are suggestive of a maximum pressure of equilibration of 5·9 GPa (Armstrong et al., 2008; Snyder & Gru« tter, 2010) . This pressure corresponds to c. 190 km depth for an estimated conductive geotherm of 38 mW m À2 (Snyder & Gru« tter, 2010) , indicating that a thick lithospheric mantle root was present beneath the northern domain of the Rae craton during the Late Neoproterozoic (Peats et al., 2012) . Mesozoic kimberlites on Somerset Island, c. 500 km NW of the Amon kimberlites, sampled cratonic mantle of the northern Rae domain that had stabilized by c. 2·8 Ga (Irvine et al., 2003) . However, the oldest Re^Os model ages obtained for Rae peridotite xenoliths by Irvine and co-workers are younger than the 43 Ga Mesoarchean model ages that are recorded from the lithospheric mantle of the neighbouring Slave and North Atlantic cratons (Irvine et al., 2003; Wittig et al., 2010) .
Recently, Snyder et al. (2013) , in a study of earthquake receiver-functions, observed the presence of multiple, gently dipping (6^308) anisotropic layers between 50 and 150 km depth within the cratonic mantle lithosphere beneath northern Hudson Bay and Baffin Island. They interpreted a regionally persistent discontinuity in the mantle fabric beneath the southeastern Rae craton as resulting from underthrusting of Archean Rae mantle lithosphere Fig. 1 . Continued Gondwana^Pangea (510 Ma^Recent) and Rodinia (1300^550 Ma) supercontinent cycles (SC). For a higher resolution of the global Phanerozoic kimberlite emplacement age distribution the reader is referred to Jelsma et al. (2009) . (b) Frequency distribution of global kimberlite and related magmatism during the Rodinia supercontinent cycle between 1400 and 500 Ma (the complete age compilation is provided in Supplementary Data Appendix C). Approximately 85% of the age population have 2s uncertainties of520 Ma, and this value was assigned as the bandwidth. The pronounced kimberlite magmatic activity during assembly and break-up of Rodinia should be noted, whereas no kimberlites and related rocks are recorded between c. 1000 and 850 Ma during maximum stability of the supercontinent configuration (see Li et al., 2008) . The c. 673 Ma Amon kimberlite of north^central Baffin Island appears to be the earliest manifestation of increased kimberlite magmatic activity in North America that accompanied the stepwise breakout of Laurentia from the Rodinia supercontinent. beneath the younger Superior margin during the Trans-Hudson orogeny. Furthermore, Snyder et al. (2013) were able to show that the northern domain of the Rae craton (i.e. our study area) dips west beneath the central Rae domain (Fig. 2 ). This geometry is best explained by complex accretion of the north Rae domain to the somewhat younger central Rae domain during the Neoarchean (Snyder et al., 2013) . Although the current state of knowledge about the Rae mantle lithosphere is extremely limited compared with other cratons such as the Slave and Kaapvaal examples (Aulbach et al., 2009) , there are strong indications that its formation and modification were coupled to the evolution of the overlying crust during assembly and growth of the Laurentia supercraton within the Nuna supercontinent configuration that existed until 1·3 Ga (Roberts, 2013) .
Rodinia supercontinent break-up and increased kimberlite magmatic activity
The Rodinia supercontinent formed by extroversion of its predecessor Nuna between 1·3 and 1·0 Ga (Fig. 1) ; this process involved only minimal movement between lithospheric plates (Roberts, 2013, and references therein) . For this reason the transition was much less dramatic in terms of the frequency and intensity of magmatic activity compared with the subsequent break-up of Rodinia between 750 and 570 Ma (Evans & Mitchell, 2011) . Importantly, most paleocontinent reconstructions feature Laurentia at the centre of Rodinia, which reached maximum stability at c. 900 Ma (Fig. 1b) , because it is flanked entirely by Neoproterozoic passive margins (Torsvik, 2003; Davidson, 2008; Li et al., 2008) .
Rodinia's demise began with strong rifting activity along the western and southern margins of Laurentia at c. 750 Ma, which is commonly ascribed to mantle plume activity beneath the large and stagnant continental lid (Li et al., 2008) . The 723^712 Ma Franklin large igneous province (LIP) is widespread across the Canadian Arctic and this magmatic event provides strong testimony to increased mantle plume activity along Laurentia's northern breakout margin (Davidson, 2008; Ernst & Bleeker, 2010) . For example, a NW^SE-trending giant mafic dyke swarm of the Franklin LIP runs across northern Baffin Island, more than 1000 km distal to the inferred plume centre on Victoria Island (Pehrsson & Buchan, 1999; Denyszyn et al., 2009) . Importantly, the c. 673 Ma Amon kimberlite sills in north^central Baffin Island (Tappe et al., 2012a;  this study) are only marginally younger than the spatially overlapping 723^712 Ma Franklin LIP, which clearly is related to Rodinia supercontinent break-up.
Our compilation of published ages for North American kimberlites and related rocks (Supplementary Data Appendix C) reveals that continuous CO 2 -rich magmatic activity occurred proximal to the northern and eastern breakout margins of Laurentia between 680 and 540 Ma (Fig. 1) . The increased activity occurred after a prolonged 
Kimberlite FN5 (302/616/0001): N70·502048, W80·06288 (WGS84, decimal degrees); J-value ¼ 0·007224 AE 0·000013. Jvalue calculation based on an age of 98·8 Ma for GA1550 biotite (Renne et al., 1998 . WA, weighted average age calculated with Isoplot (Ludwig, 2000) . Data are corrected for mass spectrometer backgrounds, discrimination, and radioactive decay, but not for isotopic interferences. Age calculated based on decay constants of Steiger & Jä ger (1977) and an age of 98·8 Ma for GA1550 biotite (Renne et al., 1998). 4 Age calculated using the decay constants and standard ages of Renne et al. ( , 2011 . 
'shutdown' of deep-seated CO 2 -rich magmatism that coincides with maximum stability of the Rodinia supercontinent configuration between c. 1000 and 850 Ma (Li et al., 2008) . It therefore appears that the prolonged break-up process of Rodinia was accompanied by sublithospheric kimberlite melt production beneath the rifting supercraton, which is particularly well recorded along the northern and eastern margins of Laurentia (present-day cratonic North America and Greenland) (Fig. 2) . Similar connections have been made to reconcile the apparent spatial and temporal relationships between Gondwana superterrane break-up and coeval kimberlite and related 
gm, groundmass. (continued) magmatism along the southern and central Atlantic margins (Marsh, 1973; Jelsma et al., 2004 Jelsma et al., , 2009 Moore et al., 2008) . Presently known Late Neoproterozoic kimberlite and associated rock types that are believed to be associated with the stepwise breakout of Laurentia from the Rodinia supercontinent between 680 and 540 Ma are shown in Fig. 2 
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JOURNAL OF PETROLOGY VOLUME 55 NUMBER 10 OCTOBER 2014 discovered $2 km to the east of Amon (Fig. 3) . The kimberlite sheets were intersected by several shallow drillholes (5 150 m depth) over an area of 2 km Â 2 km, 25 km SW of Nina Bang Lake; here we collectively refer to these occurrences as the Amon Kimberlite Sill Complex (AKSC, Fig. 3 ). For our petrological and geochemical investigation of the AKSC, we recovered 19 kimberlite samples from nine drillholes (Fig. 4) , two of which represent the Aliguja sill. It is important to note that no outcropping kimberlite was located in the area, but that some 400 occurrences of kimberlite float in glacial sediments were discovered during the 2006 field season alone. All of the numerous kimberlite sheets of the subhorizontal AKSC are hosted in Neoarchean basement rocks that are composed of granitic gneisses with minor amphibolite rafts (images of kimberlite intersections in drillcore are shown in Supplementary Data Appendix D). The individual kimberlite sheets range in thickness between 0·2 and 1m. Although the exact geometry of the AKSC remains unknown, modelling of the drillhole data, combined with results from shallow seismic surveys, suggests that at least two main discrete sills are present $20^50 m beneath the present-day land surface (Fig. 4) . These kimberlite sills and associated stringers have a highly irregular shape owing to pinch-and-swell structures. However, structural modelling indicates that the undulating AKSC dips between 4 and 128 in a northerly to easterly direction (Fig. 4) .
Petrography of studied samples
The thin kimberlite sheets typically show evidence for multiple injections of magma, with fine-grained aphanitic kimberlite forming the chilled margins (55% olivine macrocrysts; Fig. 5a ) and macrocrystic varieties occupying the interior portions (4 15% macrocrysts; Fig. 5d ) [textural terminology follows Clement et al. (1984) ]. These observations, along with flow alignment of prismatic minerals (Fig. 5d) , point to the possibility that some of the kimberlite magma was affected by flowage differentiation and/or filter-pressing (see Kjarsgaard, 2007) (Fig. 6) . A few kimberlite drillcore intersections reveal millimetre-to centimetre-sized, elongate to round segregations of carbonate ( Fig. 5b ; Supplementary Data Appendix D); these are similar to the carbonate 'diapirs' that have been described from the Benfontein kimberlite sills in South Africa A10  1·30  4·95  0·80  2·10  0·20  1·12  0·16  890  33·6  317  127  35  49   A8  1·09  4·07  0·68  1·71  0·16  0·87  0·12  710  32·0  363  122  24  43   A4  1·63  5·82  0·94  2·56  0·22  1·24  0·18  980  36·0  446  204  12  59   A6  0·82  3·00  0·45  1·25  0·11  0·69  0·10  1590  105·5  894  216  126  39   A7  1·59  6·52  1·08  2·86  0·28  1·50  0·23  880  27·6  294  147  33  52   A2  1·33  5·28  0·85  2·17  0·20  1·14  0·16  890  36·9  390  189 1·75  4·34  0·58  2·02  0·12  0·69  0·09  1480  171·0  946  228  31  63   B7  1·36  4·53  0·81  2·30  0·21  1·50  0·21  1010  33·7  465  225  24  51   B6  1·67  6·62  1·21  3·64  0·45  2·89  0·45  1440  41·0  430  222  24  48 Geographical coordinates and further sample information are given in Table 7 and Supplementary Data Appendix A. Major element concentrations are XRF data determined on fused lithium borate discs at ALS Chemex Laboratories (Vancouver). Trace element concentrations are ICP-MS data determined at ALS Chemex Laboratories (Vancouver). Loss on ignition (LOI) was determined by gravimetric analysis at 10008C. CO 2 was liberated from the powders by reaction with HClO 4 and subsequently determined by photo-coulometry (lower limit of detection is 0·2 wt % CO 2 ). Fe 2 O 3 T is total Fe given as ferric iron. b.d., below detection. (Dawson & Hawthorne, 1973) . The carbonate segregations resemble experimentally produced immiscibility textures (Brooker & Kjarsgaard, 2011) .
Common macrocryst phases are olivine, phlogopite, pyrope-rich garnet, and picro-ilmenite (listed in order of decreasing abundance) that rarely exceed 5 mm in the longest dimension (Figs 5a, d and 6a) . Olivine is the most abundant phenocryst phase and typically forms euhedral prisms up to 2 mm in length ( Fig. 6b and c) . The olivine is completely replaced by carbonate and serpentine or iddingsite (Figs 5c, d and 6a^c). The kimberlite groundmass consists of phlogopite, spinel, ilmenite, and apatite microphenocrysts (5 100 mm) in a matrix of calcite, with rare serpentine plus secondary quartz. Rutile is a common primary groundmass phase and has also been found replacing ilmenite (Fig. 6d) , and possibly perovskite. In general, rutile is more stable than perovskite in CO 2 -rich systems (Mitchell & Chakhmouradian, 1998) , which explains its predominance over and reaction relationship with other titanates in the very carbonate-rich Amon kimberlites. Rutile furthermore forms overgrowths on ilmenite macrocrysts (Fig. 6d) and groundmass spinels. Monticellite, clinopyroxene, and perovskite are conspicuously absent in the Amon kimberlite groundmass, as also Chauvel et al. (2008) . Numbers in parentheses are 2s of the mean uncertainties for single isotope ratio measurements; Geographic coordinates are in decimal degrees using WGS84 datum. n.a., not analyzed. *Initial isotope ratios calculated for the emplacement age of 673 Ma of the Amon kimberlite sills (this study). yInitial e Nd values were calculated using 147 Sm decay constant of 6·54 Â 10 -12 a -1 (Lugmair & Marti, 1978) Table 1 . The location of kimberlite float sample FN5, c. 2 km down ice flow direction from the AKSC, is shown, and the 40Ar/39Ar phlogopite age results are provided in Table 2 . Fig. 4 . Geological model of the Amon Kimberlite Sill Complex (without the Aliguja sill segment $2 km to the east; see Fig. 3 ) based on the surfaces of kimberlite intersections in drillholes (highlighted in green). The modelling results show that at least two main discrete kimberlite sheets are present $20^50 m beneath the present-day land surface, and structural data indicate that the undulating sill complex dips between 4 and 128 towards a northerly to easterly direction. The approximate positions of kimberlite samples investigated during this study are indicated with red stars at the respective drillholes (note that the two samples derived from one drillhole in the Aliguja sill segment are not shown).
described from the hypabyssal facies of numerous other kimberlite occurrences worldwide (Clement et al., 1984; Mitchell, 1995) .
A NA LY T I C A L T E C H N I Q U E S Geochronology U^Pb rutile
A hand specimen of kimberlite sheet B1, intersected in drillhole BAF-0206-05-003 between 42·35 and 42·50 m depth (Fig. 4) , was processed through standard crushing and mineral separation procedures (e.g. Wilfley table, methylene iodide, Frantz isodynamic separator) at the University of Alberta. These procedures are identical to the steps typically employed during liberation and concentration of groundmass perovskite from kimberlite samples as outlined by Heaman & Kjarsgaard (2000) and Tappe et al. (2012b) . In the mesh range between 20 and 200 mm, two fresh but visually distinct rutile populations of similar grain size between 50 and 100 mm were observed. Approximately 80 (B1-1) and 100 (B1-2) grains without visible inclusions were collected from these two populations as morphologic fractions, which yielded 67 AE1 and 101 AE8 mg rutile aliquots (Table 1 ). Fraction B1-1 comprised bright orange euhedral to subhedral rutile grains, whereas B1-2 consisted of orange to yellow fragments of a coarser rutile population that was most probably comminuted during sample treatment (e.g. Fig. 6d ). The collected rutile grains were washed repeatedly in warm 2N HNO 3 and Milli-Q water and then weighed on an ultra-microbalance prior to transfer into 5 ml Savillex vials. Prior to sample dissolution in a 1:1 mixture of concentrated HF and HNO 3 on a hotplate at c. 1608C for 5 days, 235 U^2
05 Pb tracer solution was added to the rutile^acid mix to determine U and Pb concentrations by isotope dilution. Thorium concentrations were calculated based on the amount of common lead corrected 208 Pb present and the 207 Pb/ 206 Pb model age. Uranium and Pb were isolated from the rutile sample solutions using HBr anion exchange chromatography (Bio-Rad AG 1-X8). The isotopic compositions of these elements were measured on a VG354 thermal ionization mass spectrometer using a Daly detector operated in analog mode. All isotopic data reported in Table 1 were corrected for mass discrimination (0·105% per a.m.u. Pb and 0·123% per a.m.u. U; determined using the long-term reproducibility of NBS 981 and NBS U500, respectively), tracer, and blank contribution (5 AE 0·5 pg Pb and 1·0 AE 0·1pg U). The presence of an $56^58% proportion of common lead was corrected using the terrestrial lead evolution model of Stacey & Kramers (1975 Fig. 3 ), was processed through standard crushing and mineral separation procedures at the University of Melbourne. A phlogopite mineral separate was washed in deionized water and acetone prior to being shipped for irradiation. The grains were wrapped in an aluminium packet and placed into an aluminium irradiation canister together with aliquots of the flux monitor GA1550 (age ¼ 98·8 AE 0·5 Ma; Renne et al., 1998) . Packets containing K 2 SO 4 were placed at either end of the canister to monitor 40 Ar production from potassium. The irradiation canister was irradiated in position 5C of the McMaster reactor, Hamilton, Ontario, Canada. After irradiation, the phlogopite grains were removed from their packaging and loaded into a copper sample holder. The grains were then each stepheated using a CW Nd:YAG laser at the University of Melbourne.
40 Ar/ 39 Ar analyses were carried out on a MM5400 mass spectrometer using a Daly detector [for details see Phillips & Harris (2009) Table 2 have been corrected for system backgrounds, mass discrimination, fluence gradients, and atmospheric contamination. The analytical uncertainties associated with the argon age determinations exclude uncertainties in the J-value, age of the fluence monitor GA1550, and the decay constants. 40 Ar/ 39 Ar ages have been calculated using two sets of decay constants and standards: those of Steiger & Ja« ger (1977) and Renne et al. (1998) , and those of Renne et al. ( , 2011 . In general, 40 Ar/ 39 Ar ages calculated using the constants and standard values that are recommended by Renne et al. ( , 2011 are considered to be most consistent with U^Pb age systematics.
Mineral compositions
Major element mineral compositional data were obtained using a JEOL JXA 8900 electron microprobe at the University of Alberta, Canada [for details see Tappe et al. (2009)] . Operating voltage for oxide mineral analysis was 20 kV with a beam current of 20 nA, and for phlogopite analysis 15 kV and 15 nA, respectively. Counting time varied between 30 and 50 s on the peak and a beam diameter between 2 and 5 mm was adjusted. International standards of natural materials were used for calibration and all data reported in Tables 3^5 were reduced with a CITZAF procedure.
Bulk-rock major and trace element compositions
Each sample powder (520 mm grain size) was prepared in an agate mill at the University of Alberta from $500 g of hand-selected rock chips (i.e. the freshest kimberlite drillcore material available from the various intersections of the AKSC; Fig. 4 ; Supplementary Data Appendix D). The powders were supplied for analyses to the ALS Chemex Laboratory Group at their Vancouver facility in Canada [for details see Tappe et al. (2011) ]. Major element concentrations were determined by X-ray fluorescence (XRF) on fused glass discs (Li 2 B 4 O 7^L iBO 2 flux), with a lower limit of detection 50·01wt % for all elements analyzed. Rare earth elements (REE) and other trace elements (e.g. Nb, Th, U) were analysed by inductively coupled plasma mass spectrometry (ICP-MS) after LiBO 2 fusion and dissolution in mixed HNO 3^H Cl. Volatiles were determined by a combination of loss on ignition (corrected for the conversion of FeO to Fe 2 O 3 ) and analyses of CO 2 that was liberated from the powders by reaction with HClO 4 and subsequently determined by photo-coulometry (lower limit of detection is 0·2 wt % CO 2 ) ( Table 6 ).
Bulk-rock Sr^Nd^Hf isotope compositions
Isotope compositions (Table 7) were determined on the same bulk-rock powders as the major and trace element concentrations (Table 6 ). Powders were digested in a HF^HNO 3 mixture in Savillex beakers on a hotplate for 5 days. Subsequently, the HF^HNO 3 mixture was gently evaporated to incipient sample dryness. The sample material was then taken up in 6N HCl and heated again until a clear solution was obtained (i.e. for 2^4 days). Sample digestion tests on kimberlitic and carbonatitic material were previously conducted in both Savillex beakers and Teflon bombs, and duplicate Hf isotope analyses from these tests have been given by Tappe et al. (2007 Tappe et al. ( , 2008 ). These tests demonstrate that complete sample dissolution is also achieved by the powder digestion procedure using Savillex beakers, because the measured Hf isotope compositions of duplicate pairs are identical within analytical uncertainty. In general, reproducibilities from replicate dissolutions of kimberlites analysed by Nowell et al. (2004) and Tappe et al. (2013a) are better than 0·7 epsilon Hf units. At the University of Alberta, Sr^Nd^Hf cuts were separated using a combination of cation and anion exchange resins (Schmidberger et al., 2007; Tappe & Simonetti, 2012) . The cuts were measured for their isotope compositions using both thermal ionization mass spectrometry (TIMS) (Sr) and multicollector (MC)-ICP-MS (Nd and Hf) techniques in Alberta. A subset of sample powders (n ¼12) was analyzed for Hf isotope compositions at Durham University following the procedures outlined by Nowell et al. (2004) and Tappe et al. (2013a) .
Strontium isotopic analyses were performed by TIMS using a Micromass Sector-54 system operating in static mode (single Re filaments -1) , which was run as a secondary standard, yielded 0·512091 AE8 (2s SD for five measurements). This is in agreement with the 1 year average of 0·512104 AE 27 (2s SD for 22 measurements) and with the recommended value of 0·512107 (Tanaka et al., 2000) .
In Alberta, the Hf isotopic compositions were analysed by MC-ICP-MS on a Nu Plasma instrument in static mode, and all isotope ratios were corrected with an exponential fractionation law using 179 Hf ratios obtained on the samples were 0·0002 and 0·000005, respectively, so the necessary corrections were negligible. The samples were analyzed in a single session during which the JMC-475 standard gave an average value of 0·282156 AE 6 (2s SD for eight measurements). All sample data (Alberta and Durham) are reported relative to the accepted value of 0·282160 for JMC-475 (Blichert-Toft et al., 1997).
Procedural blanks of 560 pg Sr, 530 pg Nd, and 515 pg Hf are considered negligible given the elevated concentrations of these elements in the samples analysed (Table 6 ). The initial Sr, Nd, and Hf isotopic compositions of the Amon kimberlite samples were calculated for an emplacement age of 673 Ma (see Tables 1 and 7) (Scherer et al., 2001) .
R E S U LT S
Our results for the Amon kimberlites regarding their geochronology (Tables 1 and 2 ), mineral chemistry (Tables 3^5), and geochemistry (Tables 6 and 7) , including Sr^Nd^Hf isotope compositions, are fully available online in Supplementary Data Appendix A (all Tables) and Appendix B (extended microprobe dataset for phlogopite, spinel, and ilmenite^rutile).
Amon kimberlite emplacement ages U^Pb rutile
Two translucent, orange to yellow rutile fractions from an $0·2 m thick kimberlite sheet (BAF-0206-05-003; 42·354 2·50 m depth; Fig. 4) were analyzed by conventional isotope dilution (ID)-TIMS (Table 1 ). These multi-grain fractions yielded indistinguishable 206 Pb/ 238 U ages of 673·5 AE15·0 Ma and 671·9 AE15·4 Ma, which allowed calculation of a weighted average age of 672·7 AE10·6 Ma (2s). Based on textural observations (e.g. Fig. 6d ), we interpret the analyzed rutile as a primary phase and the determined U^Pb age of c. 673 AE11 Ma is considered here the currently best estimate of kimberlite magma emplacement in north^central Baffin Island. This interpretation is supported by rutile compositional data such as elevated Fe content (Table 5 ) and high Th/U ratios of $3·5 (Table 1) , which are indicative of elevated (i.e. magmatic) crystallization temperatures (Zack et al., 2011) . The unusually high Th/U of the kimberlitic rutile also points to a complete absence of coexisting perovskite during magmatic crystallization, because the latter phase would have preferentially incorporated the available Th into its lattice [compare Klemme et al. (2005) with Beyer et al. (2013) ]. This inference is supported by the growing database of kimberlitic perovskite compositions, which shows that the vast majority have high Th/U ratios between two and 200 [see compilation by Wu et al. (2010) ].
Ar/ 39 Ar phlogopite
A total of seven groundmass phlogopite grains were analysed from sample FN5 (302/616/0001; Fig. 3 ). Grain FN5/1 was fused in a single step, whereas the remaining grains were step-heated in two to three increments (Table 2) . Calculated apparent ages range from 347 AE 8 Ma to 688 AE 4 Ma [decay constants and standard ages after Renne et al. ( , 2011 ]. In all instances the lowest temperature steps yielded younger ages (347 AE 8 Ma to 552 AE7 Ma) than the high-temperature fusion experiments owing to alteration-induced 40 Ar loss (i.e. minor chlorite alteration was observed along fractures and the rims of phlogopite grains). The high-temperature steps are reasonably concordant, with a weighted average age of 666 AE12 Ma (2s; MSWD ¼ 8·1; n ¼ 7). Exclusion of the oldest apparent age from grain FN5/3 gives a more precise weighted average age of 660·1 AE8·6 Ma (2s; MSWD ¼ 2·9; n ¼ 6) (Fig. 7) .
The 40 Ar/ 39 Ar groundmass phlogopite age of 660·1 AE8·6 Ma (2s) for the kimberlite float is in good agreement with the U^Pb rutile age of 672·7 AE10·6 Ma (2s) (Fig. 7) . The U^Pb rutile age was determined on a piece of drillcore of in situ kimberlite and appears to be more robust than the 40 Ar/ 39 Ar phlogopite age derived from the float sample. Hence, 673 AE11 Ma is considered here the currently best estimate of kimberlite magma emplacement in north^central Baffin Island. However, the possibility of a wider age span of Late Neoproterozoic kimberlite magmatic activity in northern Baffin Island (i.e. up to 50 Myr duration as in West Greenland; Tappe et al., 2012b ) cannot be ruled out based on the limited geochronology data reported herein.
Amon kimberlite mineralogy Phlogopite
Rare phlogopite macrocrysts are typically chloritized such that high-quality microprobe analysis was not possible. Groundmass phlogopite compositions of the Amon kimberlites show strong Al 2 O 3 and BaO enrichment (up to 20 and 9 wt %, respectively), and TiO 2 depletion (down to 0·4 wt %) toward the rims (Fig. 8) . Furthermore, the groundmass phlogopites have core compositions that are characterized by low to moderate TiO 2 (0·4^4·0 wt %) and elevated Cr 2 O 3 contents (up to 1·6 wt %). The F content of groundmass phlogopite is slightly elevated and ranges between 0·2 and 0·8 wt % in the cores, and up to 1·4 wt % F in Ba-rich rims (Table 3) . These features, together with the conspicuous absence of tetraferriphlogopite rims (Fig. 8) , are diagnostic for archetypal or Group-I kimberlites worldwide (Mitchell, 1995; Tappe et al., 2005) . Groundmass phlogopite compositions of the Amon kimberlites resemble their analogs from other Late Neoproterozoic kimberlites of Laurentia (Fig. 2) such as the Wemindji sills in Quebec (Zurevinski & Mitchell, 2011) and the Majuagaa dyke in West Greenland (Nielsen & Sand, 2008) . Importantly, the Amon phlogopite compositions follow evolutionary trends that are distinctively Tables 1 and 2 ). The U^Pb rutile age of 672·7 AE10·6 Ma that was determined on a piece of kimberlite drillcore is our best estimate of the timing of kimberlite magma emplacement in northĉ entral Baffin Island. This U^Pb age is identical within analytical uncertainty to the 40 Ar/ 39 Ar phlogopite age of 660·1 AE8·6 Ma that was determined for a kimberlite boulder recovered 2 km to the south (i.e. down the ice flow direction) of the now confirmed AKSC occurrence (Fig. 3) . Fig. 2 ). (a) Al 2 O 3 vs TiO 2 (wt %) variation of groundmass phlogopite. It should be noted that despite slightly elevated TiO 2 concentration levels in some phlogopite cores, the overall evolutionary trend is toward Ti depletion and Al enrichment, which is typical for Group-I kimberlites. Also noteworthy is the absence of zoning trends toward tetraferriphlogopite (TFP) compositions, which are diagnostic for UMLs and Group-II kimberlites or orangeites^lamproites (Mitchell, 1995; Tappe et al., 2005) . (b) BaO vs TiO 2 (wt %) variation in groundmass phlogopite. The pronounced Ba enrichment in phlogopite rims from the Amon kimberlites, which is diagnostic for Group-I kimberlites but uncommon in UMLs and lamproites, should be noted (Mitchell, 1995; Tappe et al., 2005) . Data from the Wemindji kimberlite sills (Zurevinski & Mitchell, 2011) and Majuagaa calcite kimberlite dyke (Nielsen & Sand, 2008) , as well as the 'kimberlite box' (Mitchell, 1995) , are shown for comparison. The phlogopite compositional range of Late Neoproterozoic GreenlandL abrador UML dykes was compiled from data given by Tappe et al. (2004 Tappe et al. ( , 2006 Tappe et al. ( , 2008 and Nielsen et al. (2009). TFP, tetraferriphlogopite. different from those observed in groundmass phlogopites of UMLs (aillikites) and associated carbonatites of the neighbouring 610^550 Ma Greenland^Labrador Diamond Province (Fig. 8) (Tappe et al., 2004 (Tappe et al., , 2006 (Tappe et al., , 2008 Nielsen et al., 2009 ).
Spinel group
Groundmass spinel (5 100 mm) comprises Cr-rich varieties and almost pure magnetite end-member compositions, the latter of which are not further considered here, because they are most probably of late fluid-related, or secondary origin. The Cr-spinel grains are largely unzoned (Table 4) similar to those from the Benfontein calcite kimberlite sills in South Africa (Boctor & Boyd, 1981) . This feature suggests slow crystallization and/or a long residence time at relatively high temperatures that facilitated compositional homogenization in a solid state (Roeder & Schulze, 2008) , as is expected to occur in slowly cooling sills.
The Cr-spinel grains are MgO-rich (up to 15 wt %) and have elevated to high Cr/(Cr þAl) ratios predominantly between 0·72 and 0·86. These characteristics resemble spinel compositions from worldwide Group-I kimberlites and evolved calcite kimberlites (Mitchell, 1995; Nielsen & Sand, 2008; Roeder & Schulze, 2008) . However, Amon kimberlite Cr-spinel compositions are at slightly lower Mg# compared with 'typical' kimberlite compositions (Fig. 9 ), but they are similar to those from flow differentiated kimberlite sills at Wemindji in Quebec (Zurevinski & Mitchell, 2011) . The Amon kimberlite groundmass spinels display a rather restricted Ti/(Ti þ Cr þAl) range within the evolutionary spectrum typically shown by kimberlitic spinels (Fig. 9) . Most importantly, they fall between the 'magnesian ulvo« spinel' (Kimberlite Trend 1) and 'titanomagnetite' (Kimberlite Trend 2) domains on the projected front face of the reduced spinel prism (Fig. 9) . Although on a worldwide basis this feature is rather unusual for Group-I kimberlites, it has been described from numerous hypabyssal kimberlites of the Superior craton in eastern Canada (e.g. Renard kimberlites; Birkett et al., 2004) , as well as from carbonate-rich UML dykes (aillikites) of the Greenland^Labrador Diamond Province (Tappe et al., 2006 Nielsen et al., 2009) (Fig. 9 ).
Ilmenite and rutile
Ilmenite macrocrysts (12·0^18·4 wt % MgO; 0·4^3·7 wt % Cr 2 O 3 ) and groundmass laths (14^19 wt % MgO; 0·84 ·2 wt % Cr 2 O 3 ) have overlapping major element compositions that are typical for kimberlitic ilmenites (Fig. 10 ) (Mitchell, 1995; Wyatt et al., 2004) . The groundmass ilmenite laths of the Amon sills contain elevated MnO concentration levels between 0·5 and 1·8 wt % (Table 5) , which is typical of kimberlitic groundmass ilmenite (Mitchell, 1995) but much lower than the high MnO contents that are frequently reported for ilmenites from orangeites (formerly Group-II kimberlites), UMLs and associated carbonatites (up to 10 wt % MnO) (Gaspar & Wyllie, 1984; Mitchell, 1995; Tappe et al., 2006) .
The fairly abundant rutile grains in the groundmass of the Amon kimberlites have slightly elevated FeO and MnO contents (up to 3 and 2 wt %, respectively). The Cr 2 O 3 concentration levels are typically below 0·5 wt %, except for the rutile rims on ilmenite macrocrysts, where Cr 2 O 3 approaches 1·5 wt % (Table 5 ; Fig. 6d ). The primary groundmass rutile described here is compositionally similar to rutile from the Benfontein calcite kimberlite sills in South Africa (Boctor & Boyd, 1981) and from the Wemindji kimberlite sills in Quebec (Zurevinski & Mitchell, 2011) . It is important to note that groundmass rutile appears to be absent from orangeites (Mitchell, 1995) , but has also been reported from carbonate-rich UML dykes of the 610^550 Ma Greenland^Labrador Diamond Province (Tappe et al., 2004 (Tappe et al., , 2006 .
Amon kimberlite bulk-rock geochemistry Major and trace element compositions
The Amon kimberlite sills display a wide range in major and trace element compositions (Table 6 ; Fig. 11 ), which is /(Fe T 2þ þ Mg) of groundmass spinels from the Amon kimberlites in north^central Baffin Island. The primary spinel grains of the Amon kimberlites show an evolutionary trend that is between the 'magnesian ulvo« spinel' (diagnostic for Group-I kimberlites; see Mitchell, 1986; Roeder & Schulze, 2008) and 'titanomagnetite' trends (diagnostic for Group-II kimberlites and UMLs, and observed rarely in some Group-I kimberlites; see Tappe et al., 2005; Roeder & Schulze, 2008) . Data from the Wemindji kimberlite sills (Zurevinski & Mitchell, 2011) and Majuagaa calcite kimberlite dyke (Nielsen & Sand, 2008) are shown for comparison. The groundmass spinel compositional range of Late Neoproterozoic Greenland^Labrador UML dykes (grey-shaded) is compiled from data given by Tappe et al. (2004 Tappe et al. ( , 2006 and Nielsen et al. (2009) . (For location of the various Late Neoproterozoic kimberlites and related rocks from eastern Laurentia that are used for comparisons see the map in Fig. 2.) most probably a function of internal differentiation processes such as filter-pressing and flowage segregation that occurred at emplacement level (see Kjarsgaard, 2007; Zurevinski & Mitchell, 2011) (Fig. 6a^c) . In general, the sills have high MgO (15^33 wt %), TiO 2 (1·9^3·5 wt %), Ni (294^1230 ppm), and Cr (710^1610 ppm) contents, and they are relatively poor in SiO 2 (13^39 wt %), Al 2 O 3 (1·74 ·0 wt %), K 2 O (0·1^1·4 wt %), and Na 2 O (0·02^0·2 wt %), resembling the range of values for archetypal Group-I kimberlites from southern Africa (Smith et al., 1985; Le Roex et al., 2003; Becker & Le Roex, 2006) .
Relative to the compositional spectrum of worldwide hypabyssal Group-I kimberlites [see compilation by Kjarsgaard et al. (2009) ], the Amon kimberlite sills tend to fall at the lower end in terms of MgO, K 2 O, and Na 2 O contents, whereas their TiO 2 content falls at the upper end (Fig. 11) . The SiO 2 , Al 2 O 3 , CaO, and CO 2 contents of the Amon kimberlites span the entire compositional range of worldwide hypabyssal Group-I kimberlites. Samples A7 and A11 have exceptionally low SiO 2 but high CaO and CO 2 contents compared with worldwide hypabyssal Group-I kimberlites (Table 6 ). These samples are characterized by abundant modal carbonate and resemble evolved calcite kimberlites and carbonate-rich UMLs from regional Late Neoproterozoic dyke swarms that cut across West Greenland and northern Labrador (Fig. 11) . The Amon kimberlite sills appear generally more evolved (e.g. lower MgO, higher Al 2 O 3 and CO 2 ) compared with other Late Neoproterozoic hypabyssal kimberlites from eastern Laurentia such as the Renard intrusive bodies in Quebec (Birkett et al., 2004) and the Majuagaa dyke in West Greenland Tappe et al., 2011) (Fig. 2) . However, their generally lower TiO 2 (53·5 vs up to 10 wt %) and alkali contents (5 1·4 vs up to 4 wt % K 2 O) distinguish the Amon sills from regional Greenland^Labrador UML dyke swarms (Fig. 12 ) Tappe et al., 2006 Tappe et al., , 2008 Tappe et al., , 2011 , and the Amon occurrence is best described as an evolved kimberlite sill complex. Despite the lack of published bulk-rock compositions for the 629 Ma Wemindji kimberlite sills in Quebec (Fig. 2) , the petrographic descriptions and mineralogical data provided by Zurevinski & Mitchell (2011) , as summarized here in Figs 8^10, indicate a strong compositional resemblance between the Wemindji and Amon kimberlite sill complexes of eastern Laurentia.
The primitive mantle normalized incompatible element abundance patterns in Fig. 13 demonstrate the strong trace element enrichment of the Amon kimberlites. Barium, Th, U, Nb, Ta, and light rare earth element (LREE) concentrations typically exceed 100 times primitive mantle. Pronounced relative depletions are apparent for Cs^Rb, K, Pb, Sr, Zr^Hf, and the heavy rare earth elements (HREE), for which concentrations drop to below 50 times primitive mantle. Although the Amon kimberlite incompatible element distribution patterns resemble those for South African Group-I kimberlites (Fig. 13) , the Amon sills have much higher Th^U and much lower Sr^P concentration levels, which point to residual apatite in their mantle source region. Furthermore, it appears that the concentrations of moderately incompatible elements (La to Lu in Fig. 13 ; except for Sr) in the Amon sills are higher than in the Renard and Majuagaa hypabyssal kimberlites. The Amon kimberlite sills approach the elevated trace element concentration levels that are typical for the Late Neoproterozoic Greenland^Labrador UML dykes (Fig. 13a) . This mainly reflects their generally lower content of olivine macrocrysts (i.e. less dilution by refractory cratonic mantle material; Figs 5a^c and 6a, b) and, thus, points to the flow differentiated nature of the kimberlite magma that formed the sill complex.
Although much more enriched in highly incompatible elements than ocean island basalt (OIB), the Amon kimberlites have Nb/U (25 AE 9) ratios that are more similar to plume-related intraplate oceanic magmas (Nb/ U ¼ 47 AE10; Hofmann et al.,1986) than to subduction-influenced mafic alkaline magmas such as orogenic lamproites (Nb/U 510; Prelevic et al., 2008) . Other ratios of relatively (Zurevinski & Mitchell, 2011) and Majuagaa calcite kimberlite dyke (Nielsen & Sand, 2008) , as well as the 'kimberlite box' (Mitchell, 1995) , are shown for comparison. The groundmass ilmenite compositional range of Late Neoproterozoic Greenland^Labrador UML dykes is compiled from data given by Tappe et al. (2004 Tappe et al. ( , 2006 Tappe et al. ( , 2008 and Nielsen et al. (2009) . (For location of the various Late Neoproterozoic kimberlites and related rocks from eastern Laurentia that are used for comparisons see the map in Fig. 2.) immobile trace elements such as Ba/Nb and La/Nb demonstrate the Group-I kimberlite affinity of the Amon sills; that is, they overlap with archetypal South African kimberlites (Fig. 14) . The Ba/Nb vs La/Nb systematics of the Amon sills (Fig. 14) also overlap with the Renard and Majuagaa hypabyssal kimberlites of eastern Laurentia. However, the trace element systematics suggest that the more evolved nature of the Amon sills, as apparent from their major element compositions (Figs 11 and 12) , is of a different origin (e.g. flow differentiation) compared with the apparently evolved nature of the Greenland^Labrador UML magmas (Fig. 13a) . The latter evolved toward elevated La/Nb at constant and low Ba/ Nb, which is in contrast to the high Ba/Nb evolution that is characteristic for the mineralogically similar South African orangeites (Fig. 14) . This suggests magma Fig. 11 . Variations of major element oxides vs SiO 2 (wt %) for the Amon kimberlite sills, north^central Baffin Island. The wide range in major element compositions of the Amon kimberlites, which partially overlaps the compositional field for estimates of global parental kimberlite melts, should be noted. The major element compositional diversity of the Amon sills is most probably a direct function of the presence of crystal-rich, cumulitic parts and residual carbonate melt-rich parts in the sill complex; that is, owing to flow differentiation and/or filter-pressing. Data for other Late Neoproterozoic kimberlites and UMLs from eastern Laurentia are shown for comparison: Renard hypabyssal kimberlites (Birkett et al., 2004) ; Majuagaa kimberlite dyke Tappe et al., 2011) ; Greenland^Labrador UML dykes (Tappe et al., 2006 (Tappe et al., , 2008 (Tappe et al., , 2011 Nielsen et al., 2009) . The compilation of high-quality data for hypabyssal kimberlites from worldwide occurrences is taken from Kjarsgaard et al. (2009) derivation from distinctly different metasomatic assemblages in the upper mantle source regions for the UMLs and orangeites (see Tappe et al., 2008) , whereas we argue that the Amon magma evolved from typical Group-I kimberlite melt by a shallow-level flow differentiation process (see Figs 5 and 6; Supplementary Data Appendix D). Flow differentiation including filter-pressing has also been proposed to be the main mechanism by which the Late Neoproterozoic Wemindji kimberlite sills of Quebec evolved (Zurevinski & Mitchell, 2011) .
Sr^Nd^Hf isotope compositions
The initial Sr, Nd, and Hf isotope compositions of the Amon kimberlites were calculated for an emplacement age of 673 Ma as determined in this study (see footnote to Table 7 for relevant parameters). We also determined initial Áe Hf values according to Johnson & Beard (1993) , and these values are reported relative to the Nd^Hf isotope mantle array of Chauvel et al. (2008) .
The initial Sr isotope compositions of the Amon kimberlites range between 87 Sr/ 86 Sr (i) of 0·70358 and 0·70775. Konzett (1997) and Brey et al. (2008) , respectively. It should be noted that ilmenite macrocryst-rich samples (i.e. elevated TiO 2 contents) from the Majuagaa kimberlite dyke are not plotted because they do not represent melt compositions. Data for the Majuagaa^Maniitsoq kimberlite dykes (Tappe et al., 2011) and Greenland^Labrador UML dykes (Tappe et al., 2007 (Tappe et al., , 2008 (Tappe et al., , 2011 are shown for comparison.
JOURNAL OF PETROLOGY VOLUME 55 NUMBER 10 OCTOBER 2014 This relatively wide range is in contrast to the narrow range of moderately depleted initial Nd isotope compositions between e Nd(i) of þ1·5 and þ3·5. Although some workers have interpreted such near-horizontal arrays defined by volatile-rich ultramafic magmas in Sr^Nd isotope space (Fig. 15a) to be produced by enhanced radiogenic Sr in-growth owing to locally enriched abundances of phlogopite (i.e. a high Rb/Sr phase) within a cratonic mantle source region (e.g. Andronikov & Foley, 2001 ), these trends are readily explained by low-T alteration of a slowly cooling volatile-rich magmatic system (e.g. Becker & Le Roex, 2006) . The latter interpretation is in good agreement with findings from a groundmass perovskite study on Greenland kimberlites and related rocks, where it was demonstrated that hydrothermal overprinting does not affect bulk kimberlite Nd isotope compositions (Tappe et al., 2012b) , whereas it significantly elevates 87 Sr/ 86 Sr, even in fresh kimberlite material Malarkey et al., 2010; Tappe et al., 2011) .
Although the initial Hf isotope compositions of the Amon kimberlites are also moderately depleted, they show a much wider range (e Hf(i) ¼ þ1·1 to þ 8·7) than the corresponding Nd isotope compositions (Fig. 15b) . In SrN d^Hf isotope space, the most pristine Amon kimberlite samples fall within the mildly depleted sector of the mantle array defined by oceanic basalts (Fig. 15) . They partly overlap the fields for South African kimberlites and have initial Áe Hf values between À4·2 and þ2·7, with 'negative' samples falling by definition below the mantle Nd^Hf isotope regression line of Chauvel et al. (2008) . Samples that depart by more than five epsilon Hf units from this regression line are identified as lying outside the Tappe et al., 2006 Tappe et al., , 2008 Tappe et al., , 2011 Nielsen et al., 2009). (b) Comparison of the incompatible element patterns of the Amon kimberlites with various carbonate-rich ultramafic melts that serve as experimentally derived analogs for high-pressure, mantle-derived, low-volume melts. The calculated trace element patterns for near-solidus partial melts of carbonated peridotite at 6 and 10 GPa (Brey et al., 2008) , as well as at 8·6 GPa (Dasgupta et al., 2009 ) utilize experimentally determined bulk peridotite/melt partition coefficients and a 0·1% batch partial melting model with primitive mantle trace element starting concentrations (i.e. a relatively fertile mantle source). Patterns for South African kimberlites are from Le Roex et al. (2003) and Becker & Le Roex (2006) . Primitive mantle values are from Palme & O'Neill (2003) . mantle array; that is, they are isotopically 'anomalous' (e.g. Johnson & Beard, 1993) . However, all of the studied Amon kimberlite samples fall within the Nd^Hf isotope mantle array (Áe Hf ¼ þ5 to À5; Fig. 15b ), which is in contrast to a large number of kimberlite samples from southern Africa (initial Áe Hf down to À10; Nowell et al., 2004) and the central Slave province in Canada (initial Áe Hf down to À6·6; Tappe et al., 2013a) . These kimberlites show pronounced Nd^Hf isotope decoupling for which various petrogenetic explanations have been proposed, and will be discussed in further detail below.
Considering the Amon kimberlite Nd^Hf isotope systematics within the framework of the Late Neoproterozoic Greenland^Labrador Diamond Province (Tappe et al., 2011) , it becomes clear that there is significant compositional overlap with the Majuagaa^Maniitsoq kimberlite dykes of West Greenland (e Nd(i) ¼ þ1·9 to þ3·6; e Hf(i) ¼ þ2·0 to þ5·8; Fig. 15b ). The calcite kimberlite dykes of the Maniitsoq region, together with the most carbonate-rich UML dykes of northern Labrador, are suggested to represent a common carbonate-rich convecting upper mantle-derived component that was widespread beneath eastern Laurentia (Tappe et al., 2011 (Tappe et al., , 2012b . This carbonate-rich component is also suggested to have significantly contributed to the 673 Ma Amon kimberlite magmatism beneath north^central Baffin Island, and it variably interacted with cratonic metasomes across eastern Laurentia to produce trace element and isotopically enriched UML magmas (Tappe et al., 2008 (Tappe et al., , 2011 Nielsen et al., 2009; Figs 13 and 15) .
P E T RO G E N E S I S O F T H E A M O N K I M B E R L I T E S Crustal contamination and flow differentiation
To assess the potential effects of crustal contamination and alteration we apply the criteria established by Clement (1982) and further developed by Le Roex et al. (2003) . The Amon kimberlite samples have Contamination Index Clement, 1982; see also Mitchell, 1986 ) between 1·0 and 1·8, which indicates that assimilation of continental crustal material is absent to insignificant. I. values may be a realistic indication that little to no crustal contamination has occurred (although the effects of kimberlite magma differentiation on C.I. are still relatively unexplored). This observation is further augmented by the negative Pb anomalies relative to neighbouring LREE in primitive mantle normalized multi-element patterns (Fig. 13 ). In contrast, the shallowing of the HREE slopes in Fig. 13 may be caused by minor crustal contamination (see Le Roex et al., 2003) , but in the absence of additional evidence, the cause of this signature remains ambiguous. The Amon kimberlite data do not show any correlation between radiogenic isotope ratios and C.I. values, Pb and HREE contents (not shown), which indicates that the incompatible element based isotope systems (i.e. Sm^Nd and LuĤ f) were buffered against possible minor additions of these elements from crustal material. It should be noted, however, that the elevated Sr isotope ratios of the Amon kimberlites were largely caused by hydrothermal overprinting (not crustal contamination; see Malarkey et al., 2010) , a process that does not appear to affect the Nd and Hf isotope systematics.
Despite the absence of significant assimilation of crustal material, the major element compositions of the Amon (Birkett et al., 2004) ; Majuagaa kimberlite dyke Tappe et al., 2011) ; GreenlandL abrador UML dykes (Tappe et al., 2006 (Tappe et al., , 2008 (Tappe et al., , 2011 Nielsen et al., 2009) . The evolution of the eastern Laurentian volatile-rich ultramafic magmas toward elevated La/Nb at constant, low Ba/Nb, which is in contrast to the high Ba/Nb evolution that is characteristic for the mineralogically similar South African orangeites, should be noted. sills are widely scattered (Figs 11 and 16 ). The variation diagrams displayed in Fig. 11 show that the Amon kimberlites extend to the lower and upper ends of the compositional fields that are established estimates for parental kimberlite melts from worldwide localities (Le Roex et al., 2003; Harris et al., 2004; Becker & Le Roex, 2006; Kamenetsky et al., 2007; Kopylova et al., 2007; Kjarsgaard et al., 2009; Patterson et al., 2009) . The simplest explanation for this compositional spread across primitive kimberlite compositions is that a differentiation process or processes operated during sill emplacement. Bulk-rock major element massbalance considerations indicate that this process efficiently fractionated 15^30 wt % olivine macrocrysts and, or, phenocrysts and other, minor early stage phases from a Tappe et al., 2011; Greenland^Labrador UML dykes, Tappe et al., 2007 , 2011 . The worldwide compilation of Group-I kimberlites and their megacrysts encompasses data from Siberia (Carlson et al., 2006) , Greenland (Gaffney et al., 2007; Tappe et al., 2011) , India , China (Yang et al., 2009 ), Antarctica (Yaxley et al., 2013 , and the Slave craton of northwestern Canada (Kopylova et al., 2009; Tappe et al., 2013a) . The open star symbol with 'c' represents the carbonate-rich depleted component of the Greenland^Labrador Diamond Province (Tappe et al., 2011) ; this convecting upper mantle-derived component contributed significantly to the Amon kimberlite magmas. Fields for Mesozoic South African kimberlites and orangeites (Nowell et al., 2004) , as well as modern oceanic basalts (OIB and MORB) (compilation retrieved in January 2014 from http://georoc.mpch-mainz.gwdg.de/georoc/) are shown for comparison. Mantle array after Chauvel et al. (2008). residual carbonate-rich melt; the latter locally pooled in segregations ( Fig. 5b ; Supplementary Data Appendix D). One such process may have been filter-pressing (Kjarsgaard, 2007) , which is known to operate in kimberlitic dykes and sills (compare the variable groundmass proportions between Fig. 6b and 6c) , as for example in the Wemindji sills of Quebec (Zurevinski & Mitchell, 2011) and in the inclined Snap Lake sheet of the Slave province (Gernon et al., 2012) . Although the relatively poor preservation of the Amon kimberlite sills does not allow for reliable reconstruction of the near-primary melt composition, we contend that the parental magma that fed the sill complex was compositionally akin to other worldwide Group-I kimberlites. This notion is supported by groundmass phlogopite and ilmenite compositions, which record typical kimberlite magma evolutionary trends (Figs 8 and 10 ).
Magma formation
In an attempt to minimize the effects of magma differentiation at Amon, primarily olivine fractionation or accumulation, we use the bulk-rock CO 2 /K 2 O ratio as an approximation of the 'true' melt compositions of the sill samples (olivine is an effectively C-, K-, and Ti-free phase). Figure 12a shows that the Amon kimberlites have high CO 2 /K 2 O ratios that approach experimentally produced near-solidus partial melts of carbonated peridotite at 6^10 GPa (Brey et al., 2008) . The residual 'melt' fraction of the Amon sills overlaps with the compositions of the Late Neoproterozoic Majuagaa^Maniitsoq calcite kimberlite dykes of West Greenland. Greenland^Labrador UML compositions have much lower CO 2 /K 2 O ratios and higher TiO 2 than the experimentally produced kimberlitic melts of Brey et al. (2008) , and they overlap only with the most evolved Amon kimberlite samples (Fig. 12a) . This apparent gradation is inconsistent with either a primary kimberlite^UML or UML^kimberlite melting relationship of a common carbonated peridotite source, because the most CO 2 -rich melts nearest the solidus should have the lowest MgO but highest K 2 O and TiO 2 contents (Foley et al., 2009) . On the contrary, we observe a pronounced increase in TiO 2 (and Al 2 O 3 , not shown) with decreasing CO 2 /K 2 O from Majuagaa^Maniitsoq kimberlites through Amon kimberlites to the UMLs of the Greenland^Labrador Diamond Province (Fig. 12) . This trend is unlikely to be a result of contamination with continental crustal material close to the Earth's surface, or Roex et al., 2003; Harris et al., 2004; Becker & Le Roex, 2006; Kamenetsky et al., 2007; Kopylova et al., 2007; Kjarsgaard et al., 2009) . The gray field represents experimentally produced melt compositions from synthetic carbonated peridotite between 3 and 8 GPa (Gudfinnsson & Presnall, 2005) . The dashed gray outlines represent experimentally produced melt compositions from synthetic carbonated peridotite between 4 and 6 GPa (phlogopite present) (Foley et al., 2009 ) and 6 and 10 GPa (phlogopite absent) (Brey et al., 2008) . Additional experimentally produced partial melt compositions of volatile-saturated peridotites are shown for reference and discussed in the main text: (1) Dasgupta et al. (2009) ; (2) Brey et al. (2008) . Representative hypabyssal kimberlite compositions from the Renard (Birkett et al., 2004) and Majuagaa Tappe et al., 2011) occurrences are shown for comparison.
within the mantle source (Prelevic et al., 2010) , because the generally increasing K contents are accompanied by increasing La/Nb ratios (Fig. 14) . Instead, this compositional trend approaches melt compositions that have been experimentally produced under diamond-stability field conditions from synthetic ultramafic MARID-type starting material (Konzett, 1997) . Such K-rich metasomatic lithologies are inferred to be present in the form of veins within peridotite, in particular beneath the Paleoproterozoic mobile belts of cratonic eastern Laurentia (Peterson & LeCheminant, 1993; Cousens et al., 2001; Larsen et al., 2003; Larsen & Garrit, 2005; Tappe et al., 2006 Tappe et al., , 2008 Tappe et al., , 2011 .
In terms of MgO/CaO vs SiO 2 /Al 2 O 3 systematics, the Amon kimberlites also show wide scatter, with highly magnesian samples overlapping the compositions of olivine macrocrystic kimberlites from the Late Neoproterozoic Renard and Majuagaa occurrences (Fig. 16 ). In contrast, the more carbonate-rich kimberlite samples have MgO/ CaO ratios below unity, approaching the compositions of carbonate-rich UMLs and their associated carbonatites (see Tappe et al., 2012b, their fig. 6 ). It is apparent from Fig.  16 that neither the olivine-rich nor the carbonate-rich Amon kimberlite samples represent primary liquid compositions because they fall outside the compositional fields for experimentally derived near-solidus partial melts of carbonated peridotite between 5 and 10 GPa. However, a significant portion of the sample population overlaps the field for global parental kimberlite melt estimates, and these compositions resemble experimentally derived nearsolidus partial melts of carbonated peridotite above 5 GPa (Gudfinnsson & Presnall, 2005; Brey et al., 2008) . Importantly, only a few Amon kimberlite samples straddle the compositional field for experimentally produced near-solidus partial melts of phlogopite-rich carbonated peridotite under diamond-stability field conditions (Foley et al., 2009) . This observation supports the widely held view that Group-I kimberlites, such as the Amon sills, are derived from the convecting upper mantleçoutside the thermal stability field of phlogopite (Frost, 2006) çduring volatilefluxed melting of fertile peridotite beneath a thick cratonic lid (Smith, 1983; Le Roex et al., 2003; Carlson et al., 2006; Paton et al., 2009; Tappe et al., 2012b Tappe et al., , 2013a Yaxley et al., 2013) .
Incompatible trace element geochemistry, in particular that of the fluid-immobile elements, provides further constraints on magma formation in addition to the information obtained from phase equilibria studies. In contrast to the trace element inversion modelling that was performed by Le Roex and co-workers (Le Roex et al., 2003; Becker & Le Roex, 2006) in an attempt to reconstruct the magma source for southern African kimberlites, we use experimentally determined 'bulk' peridotite/melt partition coefficients for forward modelling (Brey et al., 2008; Dasgupta et al., 2009) . This approach allows us to calculate trace element patterns for partial melts of carbonated peridotite between 6 and 10 GPa utilizing a batch partial melting model (Fig. 13b) . For the sake of simplicity, the trace element concentrations of the source were set at primitive mantle values (Palme & O'Neill, 2003) and the degree of partial melting was held constant at 0·1% (McKenzie, 1985; Gudfinnsson & Presnall, 2005; Khazan & Fialko, 2005) . To a first approximation, the obtained inter-element fractionations match remarkably well the trace element distribution patterns of the Amon kimberlites (Fig. 13b) , especially for the REE and Zr^Hf. We note, however, that the incompatible trace element concentration levels of the calculated melts are mostly lower than in the Amon kimberlites. The difference is typically much less than an order of magnitude, and the choice of a more fertile starting composition and/or lowering of the degree of partial melting would further improve the match between model and nature.
The observations from our trace element forward modelling, together with the major element inferences discussed above, suggest that a significant component of the Amon kimberlites could have formed by low-degree partial melting of carbonated peridotite at convecting upper mantle conditions. Furthermore, the trace element modelling shows that some of the hallmark geochemical features of kimberlites, such as pronounced Zr^Hf depletions and extremely high LREE/HREE ratios, can be generated by low-degree partial melting of fertile peridotite in the presence of CO 2 within the convecting upper mantle beneath thick cratonic lithosphere. In other words, the creation of these trace element features neither requires involvement of metasomatic source components (e.g. Le Roex et al., 2003) nor chromatographic enrichment during porous flow upon magma ascent (Khazan & Fialko, 2005 ). An exception may be the presence of residual apatite and/or its high-pressure phosphate breakdown product in the wider peridotite melt source region, because the Amon kimberlites have significantly elevated Th^U and much lower P concentrations compared with other worldwide Group-I kimberlites (Fig. 13) . The thermal stability of apatite and its high-pressure phosphate breakdown product has recently been shown to correspond to the ambient mantle temperatures at the cratonic lithosphere^asthenosphere boundary (c. 13008C, Konzett et al., 2012) , where this peculiar trace element signature may have been imprinted on ascending kimberlite magma during reactive melt transport (see Russell et al., 2012) .
Constraints on the ultimate magma origin
The congruence of major and trace element data for the Amon kimberlites with experimental constraints and modelling results suggests that the ultimate kimberlite magma source is carbonated peridotite located beneath the cratonic lithosphere, in the convecting upper mantle. Tappe et al. (2011) proposed that a common carbonate-rich endmember component contributed variably to each of the kimberlite and UML dyke swarms of the Late Neoproterozoic Greenland^Labrador Diamond Province. This suggestion was primarily based on the fact that NdĤ f^(Sr) isotope data converge toward a focal area of moderately depleted isotope compositions (e.g. þ4 e Nd and þ7 e Hf ; Fig. 15b ). This focal area falls within the field covered by the majority of worldwide carbonatites (Bizimis et al., 2003, and references therein) . Among the isotopically investigated Late Neoproterozoic kimberlites and UMLs of eastern Laurentia, the Amon kimberlites fall closest to this previously hypothesized depleted end-member, which is in good agreement with their generally carbonate-rich nature (Fig. 11) . For example, in Fig. 12b it is clear that Amon kimberlite samples with high CO 2 /K 2 O have the most radiogenic Hf isotope compositions. Moreover, there exists a subtle positive correlation, which suggests that minute amounts of a more enriched component mixed with the more voluminous carbonate-rich proto-kimberlite melt. Provided that the isotopically enriched component has elevated K 2 O (Fig. 12b) , and partially overlaps the compositions of primitive Greenland^Labrador UMLs, it seems likely that it represents a K-rich cratonic mantle metasome of MARID affinity (Choukroun et al., 2005; Larsen & Garrit, 2005; Tappe et al., 2008 Tappe et al., , 2011 . This interpretation is supported by the fact that Amon kimberlites with slightly elevated K 2 O (and lower CO 2 ) have elevated TiO 2 concentrations approaching an experimental MARID-derived melt end-member composition (Fig. 12a) .
In terms of Nd^Hf isotope space, the Amon kimberlites fall to either side of the terrestrial mantle regression line within the mantle array. Similar compositions have been observed for the Mesozoic Jericho kimberlites and their megacrysts from the Slave craton, which were interpreted as crystallization products of asthenosphere-derived melts (Kopylova et al., 2009) . In the absence of any isotopic excursions, such as anomalously low and high Áe Hf values (^55Áe Hf 5þ5), it is most plausible that the bulk of the kimberlite magma that fed the Amon sills was derived from volatile-fluxed convecting upper mantle. However, we do not rule out minor contributions from the cratonic mantle in the form of melt from K^(P)-rich metasomes (e.g. low e Hf ; Choukroun et al., 2005) , as well as assimilated garnets and pyroxenes (e.g. low and high e Hf ; Schmidberger et al., 2002; Klein-BenDavid & Pearson, 2009; Aulbach et al., 2013) . Also, the relatively wide vertical spread in Nd^Hf isotope space for the Amon sills (Fig. 15b) does not preclude entrainment of components from ultra-deep, long-term isolated mantle reservoirs such as the Transition Zone (Nowell et al., 2004) . However, current understanding of the Nd^Hf isotope systematics of kimberlite magmatic systems suggests that such ultra-deep components would amount to (5% in the Amon example (see Tappe et al., 2013a) .
T E C TO N I C S I G N I F I C A N C E Neoproterozoic kimberlite magmatism along Laurentia's rifted margins
The c. 673 Ma Amon kimberlites in north^central Baffin Island appear to mark the onset of Late Neoproterozoic kimberlite and related magmatism (680^540 Ma), which occurred along the northern and eastern breakout margins of Laurentia (i.e. present-day cratonic North America and Greenland) from the Rodinia supercontinent (Figs 1 and  2 ). Our new petrological and geochemical data, including Sr^Nd^Hf isotope compositions, indicate that the Amon kimberlite magmas were derived from the convecting upper mantle by low-degree partial melting of volatilefluxed fertile peridotite. Importantly, the carbonate-rich and isotopically depleted component of the Amon kimberlite magmas has also been identified in other Late Neoproterozoic kimberlites and carbonatites along the rifted margins of Laurentia (Tappe et al., 2011, and references therein) . Although some workers have argued that Late Neoproterozoic rifting processes in eastern Laurentia were initiated by plume impingement (Puffer, 2002; Tachibana et al., 2006; Ernst & Bell, 2010) , we do not find compelling geological evidence for the activity of a plume, such as a directly associated LIP (see Chalapathi-Rao & Lehmann, 2011) . The only indication of plume activity may be the mafic dyke swarm of the 723^712 Ma Franklin LIP (Pehrsson & Buchan, 1999; Denyszyn et al., 2009 ) that occurs in the vicinity of the Amon kimberlites. However, the inferred plume center is situated on Victoria Island more than 1000 km to the NW of Baffin Island (Ernst & Bleeker, 2010) , and potential plume impingement occurred more than 30 Myr prior to the Late Neoproterozoic kimberlite and related magmatism in eastern Laurentia.
On a global scale, the kimberlite magmatic gap between 1000 and 850 Ma is significant, and appears to correlate with the maximum stability of Rodinia (Fig. 1) , which is inferred from various lines of independent geological evidence (Li et al., 2008, and references therein) . One of the most frequently invoked reasons for supercontinent breakup is the thermal insulation effect beneath a giant continental lithospheric plate, resulting in destabilization and the onset of rifting (Anderson, 1982; Lowman & Jarvis, 1999; Yoshida & Santosh, 2014) . However, some numerical and laboratory experiments (Lenardic et al., 2005; Coltice et al., 2007; O'Neill et al., 2009; Rolf et al., 2012) suggest that mantle temperatures beneath supercontinents are elevated by only 25^1008C, much less than the frequently suggested 2008C (Gurnis, 1988) . Furthermore, there is little evidence that mantle temperatures beneath continents increase as a function of areal extent (Lenardic, 1998) , with some newer simulations actually suggesting that temperatures beneath supercontinents 46000 km in size (e.g. reconstructed Rodinia at c. 900 Ma; Li et al., 2008) drop to below the upper mantle average owing to the development of small-scale upper mantle convection cells that allow cooling of the underlying mantle (Solomatov & Moresi, 2000; Lenardic et al., 2005; O'Neill et al., 2009) . Hence, as far as mantle temperature is concerned, there seems to be no reason why low-degree, volatile-rich, kimberlite melt could not be produced beneath thick cratonic nuclei that form part of a stable supercontinent assembly (Wyllie, 1980) .
Our preferred model to explain Late Neoproterozoic kimberlite and related magmatism along the rifted margins of eastern Laurentia does not rely on temperatureinduced melting, but rather on a redox melting mechanism (Foley, 1988; Taylor & Green, 1988) . The lower reaches of cratonic lithosphere and the underlying uppermost convecting mantle are predicted to exhibit strong contrasts in redox state (Foley, 2008) . The upper mantle below c. 300 km depth has been suggested to be metal-saturated (Rohrbach & Schmidt, 2011) , which implies that carbonate-bearing melts do not readily migrate and are locally restricted phenomena (Stagno & Frost, 2010) . However, the fluxing of C^H^O volatile-rich fluids from the lower upper mantle into the region between 300 km depth and a craton base at c. 200 km depth allows production of CO 2 -and H 2 O-rich fluids, primarily through the oxidation of CH 4 -rich fluids that enter into this boundary layer (Foley, 1988; Taylor & Green, 1988; Taylor et al., 1994) . Progressive conversion of reduced CH 4 -rich fluids into more oxidized CO 2 -rich fluids plus H 2 O profoundly affects the solidus temperature of peridotite, dropping it by 42008C (Taylor & Green, 1988; Foley, 2011; Litasov et al., 2014) . In other words, CO 2 -and H 2 O-charged convecting upper mantle material that flows to a large degree laterally (Yoshida & Santosh, 2014) beneath the rugged underside of a supercontinent may start to produce carbonated silicate melt by a combination of redox and decompression melting (Tappe et al., 2012b) . Most importantly, however, when the effects of redox melting are taken into consideration, no anomalous mantle temperatures are required to explain the presence of such 'proto-kimberlitic' melt beneath a thick cratonic lid.
We suggest that one of the most important requirements for kimberlitic melts to cause surface magmatism is the creation of pathways in the deeper cratonic mantle. Along channelled pathways [kimberlite dykes at mantle depth according to Gre¤ goire et al. (2006) ], assimilation reactions between invading carbonate-rich proto-kimberlitic melts and peridotitic pyroxenes and garnets, which are in disequilibrium with carbonate-rich melts, can be facilitated (Canil & Fedortchouk, 1999; Pilbeam et al., 2013) . Consequently, increased assimilation-fuelled buoyancy of kimberlitic magmas may enhance their ascent (Russell et al., 2012) .
We argue here that critical pathways are opened not only during supercontinent break-up but also during assembly (Fig. 1) , mainly as a response to changing plate motion velocities and vectors (England & Houseman, 1984; Jelsma et al., 2009) , which altogether put the cratonic nuclei under tensile stress (Gurnis, 1988) . Arguably, lack of trans-lithospheric extension during maximum supercontinent stability may simply prevent ubiquitous carbonated silicate melts in the convecting upper mantle (potentially segregated into mantle mush melt pockets of several kilometres width; Gre¤ goire et al., 2006) from successfully penetrating cratonic lithosphere (see Wyllie, 1980) , as indicated by the prominent kimberlite magmatic gaps during Rodinia's and Gondwana's prime (Fig. 1) . Evidence for the presence of carbonate-bearing melts beneath cratonic lithosphere during periods of supercontinent stability comes from deeply derived mantle peridotite xenolith suites from all major cratons worldwide, and rare cratonic diamonds. The majority of the xenolith suites record interaction with carbonate-bearing melts (i.e. modal and/or cryptic metasomatism), and age constraints on the timing of metasomatism, as well as on diamond growth, include the periods of maximum tectonic stability (e.g. Simon et al., 2007; Aulbach et al., 2013; Smit et al., 2014) .
Plate-tectonic origin for kimberlites within supercontinent cycles?
Compilation of comprehensive geochronology databases for kimberlite and related magmatism has shown an apparent episodicity of deep-seated melting processes (Jelsma et al., 2004; Kumar et al., 2007; Moore et al., 2008) , and it has been suggested that this magmatism is related to particular stages in the life cycle of supercontinents (Jelsma et al., 2009) . Jelsma et al. (2004) demonstrated that during the Phanerozoic narrow kimberlite emplacement windows correspond to periods of major plate reorganization that were associated with the assembly and break-up of the Gondwana supercontinent (see also Torsvik & Cocks, 2013) . In this study, we argue that Proterozoic kimberlite and related magmatism was also a response to fundamental plate reorganizationçin a very similar way to the Gondwana scenario. We demonstrate that the kimberlitic magmas that formed along the breakout margins of eastern Laurentia from the Rodinia supercontinent are best explained as low-degree partial melting products of CO 2 -and H 2 O-fluxed 'normal' fertile peridodite under convecting upper mantle conditions. Although it has been argued that supercontinents have a strong influence on deep mantle flow (Gurnis, 1988; Phillips & Bunge, 2007) , there are detailed numerical modelling studies with Earth-like viscosity structures that indicate that the thermal state of the convecting upper mantle may be little affected by the 'stagnant lid effect' (Lenardic et al., 2005; O'Neill et al., 2009; Rolf et al., 2012) . In other words, the thermal conditions beneath the thick stable continental lithosphere of a supercontinent are not hot enough to allow major melting, such as the generation of flood basalt magmas (O'Neill et al., 2009 ). However, low-degree volatile-rich melts akin to proto-kimberlite and carbonatite magmas would almost certainly be permanently present beneath thick cratonic roots (Wyllie, 1980; Foley, 2008; Tappe et al., 2012b) , where they could pool into pockets of several kilometres width owing to mantle compaction processes (Gre¤ goire et al., 2006) . Such small melt volumes can only be efficiently tapped when supercontinents are under tensile stress, which would be strongest during fast and changing plate motions that precede (i.e. assembly) and succeed (i.e. break-up) times of maximum supercontinent stability (Fig. 1) . It follows that kimberlite and related magmatism appears to be more strongly controlled by platetectonic processes than the prominent magmatism that creates continental LIPs, which are generally believed to be a manifestation of strong mantle plumes that more randomly disrupt supercontinent cycles (Phillips & Bunge, 2007; Burke et al., 2008) .
Lastly, we speculate further back in time and evaluate the implications that low-volume kimberlitic and carbonatitic magmatism may have for the geodynamic processes that operated during the Archean. In our view, important prerequisites for kimberlite magmatism are the presence of thick lithosphere to suppress major melting, the abundant availability of C^H^O volatiles in oxidized speciation to allow melting at ambient mantle temperatures, and dynamic plate motions to create the pathways for lowvolume melts to migrate to the Earth's surface. All these basic conditions were met since at least the Mesoarchean (Pearson, 1999; Shirey et al., 2008; Foley, 2011) , and it seems likely that the inception of low-volume, volatile-rich, mantle-derived magmatism is directly linked to the beginning of modern-style plate tectonics at c. 3·0^3·2 Ga (Shirey & Richardson, 2011; Dhuime et al., 2012; Naeraa et al., 2012) . This inference is supported by the fact that detrital mantle-derived diamonds have been recovered from Late Archean sedimentary successions (Stachel et al., 2006; Gurney et al., 2010; Kopylova et al., 2011) , suggesting that kimberlitic magmatism sensu lato occurred as early as the Mesoarchean. As a corollary, the dearth of kimberlite and related rocks in the geological record between c. 3·0 and 2·0 Ga (Fig. 1) may be a strong function of preservation (Veizer et al., 1992; Brown & Valentine, 2013) . Alternatively, the apparent increase in the intensity of kimberlite magmatic episodes through time, with a global peak between c. 150 and 80 Ma, may reflect a combination of enhanced volatile cycling (Tappe et al., 2013b) , a continuously increasing upper mantle redox budget owing to net subduction addition of oxidizing species (Evans, 2012) , and secular cooling of the Earth's mantle (Herzberg et al., 2010) .
S U M M A RY A N D C O N C L U S I O N S
(1) The newly discovered Amon kimberlites of northĉ entral Baffin Island form a subhorizontal sill complex of Late Neoproterozoic age. The weighted average 206 Pb/ 238 U rutile age of 672·7 AE10·6 Ma provides the current best estimate of kimberlite magma emplacement in the northern domain of the Rae craton in eastern Laurentia. The U^Pb rutile age is in good agreement with a 40 Ar/ 39 Ar phlogopite age of 660·1 AE8·6 Ma that was determined for a kimberlite boulder from the area.
(2) The petrography, mineralogy, and geochemistry of the Amon sills suggest that these rocks formed from bona fide Group-I kimberlite magma. However, appreciable magma differentiation occurred during sill emplacement, which created olivine-enriched portions at one end and highly carbonate-enriched portions at the other end of the observed compositional spectrum within the magmatic body. Some samples, however, appear to represent near-primary kimberlite magma compositions, and they resemble experimentally derived near-solidus partial melts of carbonated peridotite produced between 5 and 10 GPa (i.e. 1503 00 km depths). (3) The Sr^Nd^Hf isotope compositions of the most pristine Amon kimberlite samples indicate magma derivation from a long-term depleted mantle reservoir, and in the absence of any significant isotopic anomalies it seems most plausible that the melt source region was located within the convecting upper mantle. The Amon kimberlite Nd^Hf isotope compositions closely match a hypothetical common carbonate-rich end-member component that has previously been identified in other Late Neoproterozoic kimberlites and carbonatites from eastern Laurentia. (4) Our preferred tectonomagmatic model for Late Neoproterozoic kimberlite and related magmatism along the rifted margins of Laurentia involves a combination of redox-and decompression-related lowdegree partial melting of convecting upper mantle material that flows beneath the rugged underside of thick continental lithosphere. We argue that protokimberlitic melt is likely to be permanently present beneath the cratonic roots of supercontinents, but that it can be extracted only during fast and changing plate motions that occur during the assembly and break-up of supercontinents. This idea is supported by the known kimberlite emplacement patterns of the Gondwana^Pangea (510 Ma^Recent) and Rodinia (1300^550 Ma) supercontinent cycles, but it is difficult to test for older kimberlites and related rocks dating back to c. 3 Ga.
(5) The episodicity of global kimberlite magmatism, and its clear relationship to the dynamic loops of supercontinent cycles, suggests that kimberlites have a plate-tectonic origin and they do not require melting of anomalously hot, randomly upwelling mantle as advocated in plume scenarios. Whereas vast outpourings of continental and oceanic flood basalt magmas may signal the arrival of strong mantle plumes that are probably sourced from the core^mantle boundary, low-volume kimberlitic magmas provide a glimpse of the thermal and compositional state of the upper mantle beneath thick continental lithosphere. 
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